Sedentary lifestyles, risky health behaviors such as tobacco and other drug use (Sokal et al. 2004; Colton and Manderscheid 2006; Parks et al. 2006; Scott and Happell 2011) , and physical side effects from psychotropic medications such as weight gain leading to diabetes and metabolic syndrome (Allison and Casey 2001) contribute to poor physical health within this population.
Despite having disproportionately high physical health needs, people with SMI have been noted to experience greater barriers in obtaining primary and other forms of medical care than do the general population (Miller et al. 2003; Sokal et al. 2004; Bradford et al. 2008) , and they have concomitantly higher rates of emergency department (ED) use (Salsberry, Chipps, and Kennedy 2005; Hackman et al. 2006) . In addition to psychosocial factors such as homelessness and social isolation, limited access to physical health care has been attributed to reluctance of physicians to treat complex cases, unfamiliarity with mental illness and psychotropic medications, and limited ability of individuals to engage in recommended treatment (Parks et al. 2006; Cabassa et al. 2014) .
Recently, medical homes have been championed as a way of addressing these shortcomings. In a primary care-based medical home, a team maintains overall responsibility for an individual's health care, including any coordination needed with specialty providers (Starfield and Shi 2004; Rosenthal 2008) . Primary care-based medical homes may improve health service use and outcomes for people with SMI in several ways. First, primary care physicians leading medical homes communicate more with mental health care providers than typifies usual practice (Kaye, Takach, and Fund 2009) . This communication enables primary care providers to manage the often complex interactions between psychotropic and other medications, as well as understand how psychiatric issues and related coping behaviors may affect treatment needs and options. Second, medical homes have nurses, physician assistants, or other care coordination specialists who can take the time to build the trust and understanding that are particularly important to patients with SMI (Daumit et al. 2002) . Third, care coordinators can also help with needs common among individuals with SMI such as food, housing, and assistance paying for medications (Kaufman et al. 2012) . Fourth, as a result, people with SMI receiving primary care in medical homes settings should be more likely to receive preventive care and adhere to recommended medications, and less likely to need emergent care than if they received primary care in nonmedical home settings (Llorca 2008) . Fifth, because of the very high cost of emergent care and the greater rates of use of the ED by people with SMI (Baillargeon et al. 2008) , the total costs of care may also be lower when people with SMI receive their primary care in medical homes (Parks et al. 2005) if the investments in greater community-based care reduce rates of ED use and admissions (Boardman 2006; Department of Mental Health and MO HealthNet 2013) .
However, further research is needed to confirm these many advantages for patients with SMI. Not all people with SMI will have the same response to treatments such as medical homes, a concept referred to as heterogeneity of treatment effects (Kravitz, Duan, and Braslow 2004; PCORI [Patient-Centered Outcomes Research Institute] Methodology Committee 2013). Some people with SMI may be more likely to benefit from the team-based, coordinated care approach available in primary care-based medical homes. Our prior research, for example, found differences in the effect of the medical home for patients with major depression than for those with schizophrenia (Domino, Wells, and Morrissey 2015) . Understanding this type of patient heterogeneity is critical when planning for program expansions or contractions to increase treatment efficiency (Basu 2011) . Different estimation techniques may produce divergent answers to research questions that have policy or program significance (Table 1) . This underlines the importance of aligning the method to the question at hand to improve the likelihood that policies achieve their intended effects.
To date, the issue of heterogeneity of treatment effects has been more of a focus in clinical experimental research, but it is now growing among studies using observational data. Yet the same interpretational issues arise in both methods. The traditional approach is to present research findings as averages across the study sample, but this approach likely overestimates the effect of treatment for some groups while underestimating its effect for others. Furthermore, the estimation methods used can limit the generalizability of interpretations. This is especially of concern in observational studies where effect estimates must be adjusted for patient selection into treatment (Heckman 1979) . Common adjustments result in different interpretations such as the average treatment effect, average treatment effect on the treated, and local average treatment effect (Table 1) . The average treatment effect is useful when the treated and untreated populations are expected to have similar responses to a given "intervention," such as being in a medical home. In such instances, it is appropriate in an intent-to-treat analysis to average the treatment response across the sample of people in the treated and the untreated group. In contrast, examining the effect of treatment on the treated is appropriate when treated populations are expected to have different effects from untreated populations; these results can only be generalized to similar populations who received the same treatments. In some circumstances, local average treatment effects can be estimated which generalize to an even smaller group by focusing on people who receive treatments because of changes in the instruments used in statistical analyses; the term local is used in contrast to population-level estimates. In addition, limitations in the estimation methods and data sources may also factor in to the estimation decision. For example, the lack of a strong instrument associated with treatment but excludable from the outcome equation will limit estimation choices, as will the degree to which unobservable factors are correlated with outcomes and possibly with treatment choice. The decision about estimation method, therefore, is not just an academic one; different policy decisions may be made depending on the estimation methods used to account for patient heterogeneity (Landrum and Ayanian 2001) . Furthermore, programs that work for a targeted subpopulation may not have the desired effect when estimated on average for the overall population.
In this article, we present a specific example of different estimated effects or margins of a primary care treatment-enrollment in a primary care medical home for persons with SMI. The medical home was originally designed for children with chronic health conditions, but it is now being implemented for very different populations, including adults with SMI (Sia et al. 2004) . We examined the concept of the heterogeneity in treatment effects through the lens of medical homes and among different groups of people with SMI to see where the areas of policy leverage lie in terms of expansion or focusing of the program to specific populations. We motivate these different estimated effects through the varying reasons individuals may have for participating in a voluntary medical homes program. In particular, enrollment may be due to preferences for quality, regional availability, and symptomatology, among other reasons. These three preferences will be picked up differently by the different estimation models. We examine four different statistical techniques-fixed effects estimation, propensity score matching, propensity score weighting, and instrumental variables (IV)-to assess the impacts of medical homes for different subgroups of people with SMI.
Effects of Medical Homes for People with Severe Mental Illness
These models allow us to focus on the different dimensions of medical homes enrollment. For example, the fixed effect model controls for factors such as preferences, which may be largely time invariant, but does not control for changes in symptoms over time. Propensity adjusted generalized estimating equation (GEE) models control for observable differences in treated and control samples. IV analysis estimate the effect that regional availability of medical homes providers has on outcomes. Competing factors make the development of a priori directional hypotheses difficult. For example, early patient enrollees in medical homes may be those most likely to benefit from treatment. However, early providers adopting the medical home model may be those who already provided higher quality care, thus decreasing the magnitude of the medical home on outcomes. Our goal is not to estimate the robustness of any particular single statistical technique by comparing its results to alternative models. Instead, we take advantage of the different assumptions and estimating techniques to examine whether medical homes had different effects in different subpopulations, including the full population of Medicaid enrollees, as well as the population of Medicaid enrollees who are currently enrolled in a medical home.
METHODS
We first estimated the effect of medical homes enrollment with fixed effect models on person-month data. Person-level fixed effect models estimate the average effect of medical homes enrollment for specific individuals in the population through control of all time-invariant individual characteristics, observed and unobserved, that could also affect the outcomes. If selection bias into medical homes enrollment only occurs as a function of time-invariant characteristics, such as severity of illness or invariant demographic characteristics, then these models would have a causal interpretation, similar to randomization. In the more likely scenario in which selection into treatment is a function of both time-invariant and time-varying characteristics, fixed effect models are at risk of attributing uncontrolled time-varying differences between groups to the effect of treatment. To examine the potential for timevarying differences, we conducted an "event study" using the fixed effect models, examining differences in the outcome variable in the 3 months prior to the first medical home enrollment and the three-first months after medical home enrollment 1 by including indicator variables for these 6 months, in addition to the model fixed effects and time-varying variables.
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The next two models used propensity scoring techniques, with the same set of baseline risk factors (demographic factors and diagnoses given in claims data). Both propensity score models used GEE, which give a population average interpretation. This interpretation is somewhat different from fixed effect models in that the estimated medical homes effect in GEE models will consist of effects both from enrolling (or dis-enrolling) a particular individual in a medical home, as well as from additional unobserved differences in the characteristics of persons enrolled into a medical home, for example, major mood disorders versus bipolar conditions; the fixed effect model includes only the former effect. The propensity score matched model estimates the treatment effect on the treated, or the average effect of enrollment on those who did enroll in medical homes. Propensity score or inverse probability of treatment weighting, in contrast, estimates the average treatment effect on the full sample. If the effects are expected to be different among those currently enrolled versus those who did not enroll, for example, if those most likely to benefit from the medical home model were enrolled first, then the matched and weighted models will give different results. Alternatively, if actual enrollment in medical homes was essentially randomly or arbitrarily assigned, we would expect these two models to give similar results. If unobservable factors, such as severity of illness within a given diagnostic group or motivation to seek high-quality care, drive the outcomes, then the propensity adjustments will not adequately level base-line characteristics between the treatment and control groups (Landrum and Ayanian 2001). This result is likely in studies such as this one using only medical claims data.
Finally, we present IV models, using two regional (county) level measures of medical homes participation as instruments: the percent of Medicaid enrollees with SMI in each county who were enrolled in medical homes and the number of unique providers (as quantified by Medicaid billing identifiers) in each county who provided medical homes services. Both instruments are expected to be correlated with an individual's enrollment in a medical home and are assumed to otherwise be independent of the outcomes. The correlation between the two instruments is 0.38, indicating that they are measuring different constructs and thus are both appropriate for inclusion in these models. The interpretation of the IV models is the local average treatment effect, or in this case, the effect of medical homes on the outcomes for those individuals with SMI who enroll because of county infrastructure or level of interest in medical homes.
We conducted a number of tests on our instruments, including tests of exogeneity using the Durbin and Wu-Hausman tests (Hausman 1978) , strength (Stock, Wright, and Yogo 2002) , and overidentification (Wooldridge 1995) . In the present study, instruments were uniformly strong in all samples and models, with F-statistics of the joint significance of the two instruments ranging from 167 to more than 53,000 across samples for the longitudinal and cross-sectional samples, as described below. Medical homes enrollment was determined to be endogenous in 11 of 15 models (we find no evidence of endogeneity in the ER models for all three cohorts and the adherence model for the schizophrenia cohort). The models also pass the overidentification test for 12 of 15 models (the specialty mental health and adherence models for the major depressive disorder [MDD] cohort and the adherence model for the schizophrenia cohort did not pass). For the latter test, we note that there is some controversy about overidentification tests in recent applied literature. For example, Frakt, Pizer, and Feldman (2012) states, "Though these are typically discussed as tests of excludability, they are, in fact, joint tests of excludability and homogeneity of treatment effects (personal communication). Consequently, instruments that are excludable may be rejected due to local average treatment effects." Following Landrum and Ayanian (2001), we also examine the balance in baseline covariates across groups stratified by values of the instruments. We find that the IVs improve imbalances for three variables (age, male, African-American) in the Schizophrenia sample; do not affect imbalances in the African-American variable in the MDD and Bipolar samples; and create an imbalance in the Other Race variable for the MDD sample (Table S1 ).
Sample
Monthly observations on all Medicaid enrollees with SMI were derived from the NC Division of Medical Assistance through the Carolina Cost and Quality Initiative (http://www.shepscenter.unc.edu/ccqi/) for 2004-2007. This time period was used as it was when the medical homes program rapidly expanded among disabled Medicaid enrollees, including those with SMI. In our sample, we find enrollment increased from 44 percent in 2004 to 67 percent in 2007. Enrollment in the medical homes program was voluntary during our study period, although it became mandatory for many eligibility groups afterwards. The voluntary nature of medical homes enrollment means that selection bias is an essential concern for analysis (Stukel et al. 2007 ). Medicaid enrollees could select a medical homes provider at the time of Medicaid enrollment or could subsequently contact their Department of Social Service office to enroll in the program. More recent data would be less relevant for states only now creating or expanding medical homes programs and would offer less variation in enrollment as a diminishing proportion of individuals remain out of medical home settings.
Our sample includes all adults age 18 or older with two or more outpatient visits or at least one inpatient stay with a diagnosis of bipolar disorder, schizophrenia, or major depression, as identified in the claims data (n = 272,149). Because of relatively large sample sizes and uniqueness of the three conditions, we stratified the sample by SMI diagnosis. Because of the relatively high comorbidity rates, we removed persons meeting criteria for bipolar disorder or schizophrenia from the sample with major depression. We also excluded persons dually enrolled in Medicare or in a nursing home due to the lack of data on pharmacy use after the implementation of Medicare Part D (n = 89,110). The study was reviewed by the University of North Carolina's Institutional Review Board.
Measures
We created a number of binary outcomes reflecting the use of health care services in each month, including the use of primary care, the use of specialty mental health care (both identified through provider type and specialty codes in the claims data), the use of the ED, and medication adherence to each of the target classes of medications. For people with bipolar disorder, only adherence to mood stabilizers was recorded in the adherence measure, which will understate adherence to other related medications, including antidepressants and antipsychotic medications. Adherence was measured using the proportion of days covered (Benner et al. 2002; Barrett, Byford, and Knapp 2005) . Months without any dispensed medication were assigned an adherence value of 0 under the assumption that people with SMI should receive continuous treatment.
We also examined preventive physical health care HEDIS indicators using procedure codes in the claims data files, including the receipt of cholesterol screening, and cancer screening for age-and gender-appropriate populations according to the American Cancer Association guidelines. These include colorectal cancer screening for enrollees age 50 and older, breast cancer screening for women age 40 and older, and cervical cancer screening for women age 21-65. Because many of these preventive services are either not indicated annually or seldom received annually in this population, we modeled the receipt of each service at any time over the 4-year study period, controlling for months of Medicaid enrollment, yielding one observation per person.
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The key explanatory variable was medical homes enrollment, which was determined on a monthly basis regardless of the number of months enrolled in the longitudinal sample and as ever-medical homes enrolled during the study period in the cross-sectional sample. Controls in the longitudinal sample consisted of Medicaid enrollees who met diagnostic criteria but were not enrolled in a primary care medical home during that month. Controls in the cross-sectional sample consisted of persons who never enrolled in a medical homes practice during the study period. Other covariates including demographic characteristics and an array of comorbid condition indicators based on the Chronic Illness and Disability Payment System were derived from the claims (Kronick et al. 2000) .
RESULTS
Descriptive statistics are reported in Table 2 and Tables S3 and S4 along with the standardized difference in sample means between medical homes enrollees and controls for the different estimation samples. Means are typically assumed to be balanced if their standardized difference is less than 10 (d'Agostino 1998; Rubin 2001). The characteristics of the sample were generally in balance prior to propensity score adjustments, with a few exceptions. A greater proportion of the population enrolled in medical homes was coded as African American in the full sample in all three cohorts. In the cohort with schizophrenia, the mean age and proportion of women was somewhat higher in the medical homes sample. Matching at the person-level improved, but did not entirely eliminate, the imbalance in covariates. The propensity score weighted samples were balanced on all covariates.
Analyses across model specifications and outcomes are reported in Table 3 for the longitudinal sample. Medical homes are associated with greater use of both primary and specialty mental health care across all models and disease cohorts. The magnitude of the effect is very consistent among fixed effects and GEE models, amounting to a 67-88 percent increase in the rate of primary care service use and a 4-16 percent increase in the rate of specialty mental health care use over the rate observed in the controls. The increases in primary care use are larger among persons with schizophrenia, while the increases in the rate of specialty care use are larger among persons with MDD or bipolar disorder. The instrumental variables estimates are substantially smaller than other estimates, amounting to a 17-24 percent increase in the rate of primary care use and between a 15 percent decrease Notes. GEE models used an exchangeable correlation structure, except in a few cases where the model did not converge and the independent correlation structure was used instead (indicated in the table by the superscript   I ).
**p < .01; *p < .05.
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to a 5 percent increase in the rate of specialty mental health are use, among those Medicaid enrollees with SMI affected by changes in the factors reflected by IVs. Medical homes are again associated with fairly similar effects across fixed effects and GEE models, amounting to large proportionate increases of 23-52 percent, with the smaller end of the range observed for people with schizophrenia. IV estimates point to small decreases in medication adherence. Models generally show a small proportionate (1-5 percent) decline in the use of the ED, with IV models showing no change in ED use except among persons with schizophrenia, where the IV model points to a 9 percent increase in ED use associated with medical homes enrollment among the local margin. Finally, Medicaid costs for persons in medical homes are consistently estimated to be 27-37 percent ($290-$541 per month) higher as compared with nonenrolled controls. IV estimates are again more conservative, indicating the local margin of those enrolled by virtue of regional enrollment rates and providers, is lower, amounting to $0-$93 or 0-9 percent increases. The event study analysis of the fixed effect models offers several findings (Table S2) . First, estimates in the 6-month period around initial enrollment are much more conservative than the overall medical home estimates, indicating larger longer term effects. Second, most of the models do not seem to have a clear ramp-up prior to initial enrollment, with a few exceptions. The ED models generally show greater use during the few months prior to first medical home enrollment and even during the first month of enrollment, but this disappears after first enrollment. Medication adherence shows typically the opposite pattern, with lower adherence rates prior to and during the first month of medical homes enrollment, with subsequent increases observed after enrollment. Finally, we see greater PCP and specialty mental health use in the month immediately prior to first enrollment, possibly indicating greater acuity.
Cross-sectional analysis indicates generally positive effects of ever being enrolled in medical homes on screening measures for Medicaid enrollees with SMI with major depression, and virtually no effect of medical homes on screening for persons with either bipolar disorder or schizophrenia (Table 4) . Proportionate increases in screening rates among Medicaid enrollees with MDD ranged from 0 percent to 9 percent, with the largest increases observed for colorectal cancer screening. IV models for screening had larger effects, ranging from a 3 percent decline in the use of lipid panels, no effect on colorectal cancer screening, 65 percent increase in cervical cancer screening, and over a fivefold increase in breast cancer screening among the local margin of 
Medicaid enrollees with MDD in medical homes compared with their counterparts not in medical homes.
DISCUSSION
The four estimation techniques revealed generally positive associations between medical homes and access to primary as well as specialty mental health care, more medication adherence, and slightly less emergency room use. These findings were consistent across all three major SMI diagnostic groups. However, medical homes were also associated with higher total Medicaid expenditures across groups. In other words, on average, increased expenditures on routine health care appeared to outweigh savings from reduced emergent care. This is a reminder that not all health care quality improvement saves money or is even cost neutral. Given how medically underserved people with SMI have been shown to be (Sokal et al. 2004; Salsberry, Chipps, and Kennedy 2005) , it is plausible that total health care costs rise when access to care improves to more clinically appropriate levels. However, any resulting improvements in mental or health status or in quality of life are not visible from the secondary data source used here. Medical homes were generally associated with greater use of lipid panels, colorectal cancer screening, breast cancer screening, and cervical cancer screening among people with MDDs. However, there were virtually no associations between medical homes, and these preventive screens for people with bipolar disorders or for those with schizophrenia. Thus, although individuals with all three types of SMI included in these analyses appeared more likely to receive routine health care, once in the system, they did not benefit equally in terms of getting screened for high prevalence diseases. It is possible that clinicians find people with major depression easier to work with than people with bipolar or schizophrenia-related disorders, whose behavior may be more erratic (Goldman 1999; Williams et al. 1999) .
The use of alternative estimation methods in this study was motivated by the possibility that different tests of associations between medical home enrollment and outcomes for different subpopulations of people with SMI might yield different insights. Substantively, the consistency of results for the fixed effect and GEE model implies that measures available in Medicaid claims can be incorporated within GEE to provide reasonable proxies for the potential confounders that may otherwise be captured through fixed effects. The covariates included in the GEE models capture most of the time-invariant differences among people with SMI that might otherwise confound the effects of medical home enrollment on outcomes. The consistency of fixed effects and GEE results suggests that people are not opting into medical homes because of an unmeasured stable predisposition toward this structure of care. In general, such evidence that GEE results are not affected by unobserved attributes also improves confidence that these results may generalize beyond the current sample to adults with SMI enrolled in Medicaid in other states.
More specifically, the finding that unmeasured stable attributes such as patient preference for medical homes do not appear to be affecting outcomes thereof further suggests that it is the structure of these practices rather than patients' pre-existing beliefs that is yielding the benefits found. Thus, medical homes should have similar effects for additional potential enrollees in the future with a wide range of health care preferences and other health-related beliefs. This bodes well for bringing medical homes to scale for populations with SMI.
The generally smaller instrumental variable effect sizes imply that the effects of medical homes due to county-level differences in health care infrastructure are a smaller part of the total effect. That is, the equivalent thought experiment with randomization would arbitrarily place a Medicaid enrollee with SMI in different regions of the state, which vary in the proportion of the population with SMI that are enrolled in medical homes. The outcome of this randomized trial would be an increase in use of primary care, smaller or mixed effects on specialty mental health service use, medication adherence, and the ED. The increased use of primary care and Medicaid expenditures are statistically significantly different from zero, but they are smaller than those estimated by other models, indicating that regional differences in infrastructure, rather than from individual characteristics, are a small part of the total medical home effect. From a research perspective, this supports the importance of estimating the effects of medical homes for either individuals or groups of individuals selected for common personal attributes rather than simply being in the same local geographic area. From a practice standpoint, the generally smaller and sometimes contradictory IV results imply that medical care may be best improved for people with SMI by customizing approaches to patient-centered care within and across practices rather than seeking a uniform approach within any given local (or larger) region.
CONCLUSION
One key substantive finding from this work is that preventive screening use did not improve equally across SMI diagnostic groups, with only individuals with MDDs tending to have improved access to screening for physical diseases that are more common and more likely to be fatal for people with SMI than for the general adult population. These differential results suggest that medical homes may be able to improve care for people with SMI by tailoring service processes to individuals according to the nature of psychiatric functioning. For instance, clinicians may benefit from peer coaching on how to work with "difficult" patients, including how to communicate with people who are agitated or hallucinatory.
Another major finding of the current analysis is that expanding access to primary care-based medical homes for people with SMI may not save money for insurance providers. Cost neutrality has become a central principal of many federal and state initiatives to improve safety net services. Although this may be politically necessary in the short-term, health services research examining more of the treatment heterogeneity may contribute to more realistic projections about medical homes outcomes. In turn, such realism may protect public program improvement efforts from being set up for failure, and subsequently restructured again and/or allocated even lower funding.
These results also imply that being randomly assigned to a high medical homes area yields fewer of the intended benefits than individual enrolment into medical homes, whether it is the individual who makes that selection, or someone else on his or her behalf. Future research on health care for people with SMI should focus on variation across individuals in the benefit from innovative practices, under what circumstances, rather than testing for outcomes of being in geographic areas where such innovations are more common.
Practitioners and policy makers have recently become much more aware of the huge gap in morbidity and mortality between people with SMI and others without these mental health conditions (Walker, McGee, and Druss 2015) . The current paper contributes to a nascent empirical literature on health care for people with SMI by examining the different margins of the effects of medical homes on an underserved population.
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